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Short Abstract— In multimodal human-robot interaction (HRI), 
the process of communication can be established through verbal, 
non-verbal, and/or para-verbal cues. While non-verbal 
communication includes gestural/postural messages, the para-
verbal communication includes voice volume, pitch and speaking 
style. Moreover, verbal communication focuses on the semantic 
reference of the spoken words. The linguistic literature shows 
that para-verbal and non-verbal communications are naturally 
synchronized [2]. This research focuses on the relation between 
non-verbal and para-verbal communication by mapping prosody 
cues to the corresponding arm gestures. Our approach uses the 
coupled hidden markov models (CHMMs), which could be seen 
as a collection of HMMs, one for the arm movements’ stream and 
one for the prosodic characteristics’ stream. 

The important role of robots in our daily life shows the 
importance of making robots capable of generating intuitive 
multimodal communication with people under different 
interactional contexts. This research tries to simulate the 
efficient and robust communication strategies that humans use 
in their daily interaction in order to transfer them to the robots 
during their interaction with humans. 
 

Our speech analysis methodology includes: 
● Extraction of prosodic characteristics of the voice signal 
such as pitch and intensity (see Fig 1). 
● Segmentation of the voice signal and its corresponding pitch 
and intensity curves into syllables (see Table 1) [1]. 
 

Corresponding segments in the pitch and intensity curves are 
labeled according to their trajectories’ behavior (ex: if all 
curves’ trajectories are increasing, decreasing, etc); these 
labels constitute the states of the audio sequence in the 
CHMM.  
 
 
 
 
 
 
 
 
Fig 1: Speech, Pitch and Intensity Curves (The red parts in the voice signal are 
the unvoiced parts, while blue parts are the voiced parts of the signal. The 
black points depict the inflection points of the signal, while green points 
represent the separating points between the unvoiced and the voiced 
segments.) 

 
 
 
 
 
 

Table 1: Voice Signal Segmentation Labels 

 
In order to characterize the gestures of arms, it is necessary to 
calculate the XYZ Euler rotations of specific joints in the 
human body like the shoulder, the elbow, and the wrist. 
Similarly to the speech signal segmentation, Euler rotations’ 
curves of the arm joints are segmented according to a specific 
average threshold time required to perform a complete gesture 
by the arm.  
 

After the temporal segmentation, the corresponding segments 
in the curves of Euler rotations for each joint are labeled 
according to their trajectories’ behavior as mentioned earlier. 
These labels constitute the gestural sequence of the CHMM 
model [3] which is composed of three aligned hidden markov 
models (HMMs) presenting the 3 joints of the arm. 
 

We use the Stanford database available online [4] that is 
composed of many avatar videos. The data is acquired from 
real persons using the PhaseSpace motion capture system and 
processed with the MotionBuilder system, which provides an 
approximation of the Euler rotations of the arms’ joints. 
 

This is an ongoing research. Final results and experiments 
with Nao robot will be available by the time of the workshop. 
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